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 In an area that is vulnerable to frequent landslides due to steep montane slopes and heavy 
rain falls it is important to understand how the ecosystem regenerates after it has been disturbed. 
This study examined ecological succession patterns by comparing the vegetation on four 
different aged landslides and the unharmed forest within the Cerro Candelaria Reserve, located 
in a cloud forest ecosystem in central Ecuador. One meter soil profiles and 5x5 meter vegetation 
quadrats were used to observe and characterize the habitats on the four individual landslides and 
unharmed forest. At each location, soil color, texture, and structure were characterized. Plants 
within the plots were identified, and the Jaccard Index was used to determine similarity between 
sites. It was discovered that succession trajectories are highly dependent on soil quality rather 
than allotted time for regeneration. Asteraceae was the most dominate pioneer plant family 
within the area, appearing on all four landslides but not in the unharmed forest. Other common 
pioneer plants found were ferns, Poaceae, Melastomataceae, and Urticaceae. The overall findings 
suggest that successional sequences are unique to the individual landslide habitats, dependent on 
landslide incidence, soil quality and neighboring habitats, but regenerating ecosystems share 
some similar pioneer plant families.     
 
Resumen  
 En un lugar que es vulnerable a los derrumbes frecuentes debido a las empinadas laderas 
montañosas y caídas de lluvias fuertes es importante entender cómo el ecosistema se regenera 
después de que ha sido perturbado. Este estudio examinó los patrones de sucesión ecológica 
comparando la vegetación en cuatro derrumbes diferentes y el bosque ileso dentro de la Reserva 
Cerro Candelaria, ubicado en un ecosistema de bosque nublado en el centro de Ecuador. Se 
utilizaron los perfiles del suelo de un metro y los cuadrados de vegetación de 5x5 metros para 
observar y caracterizar los hábitats de los cuatro derrumbes individuales y bosque ileso. En cada 
ubicación, se caracterizó el color del suelo, la textura y la estructura. Se identificaron las plantas 
dentro de las parcelas, y se usó el índice Jaccard para determinar la similitud entre los sitios. Se 
descubrió que las trayectorias de sucesión son altamente dependientes de la calidad del suelo en 
lugar de tiempo asignado para la regeneración. Asteraceae fue la familia de plantas pioneras más 
dominada dentro de la zona, apareciendo en los cuatro derrumbes pero no en el bosque ileso. 
Otras plantas pioneras comunes encontradas eran helechos, Poaceae, Melastomataceae, y 
Urticaceae. Los hallazgos generales sugieren que las secuencias sucesionales son exclusivas de 
los hábitats de derrumbes individuales, dependiendo de la incidencia de derrumbes, la calidad del 
suelo y los hábitats vecinos, pero los ecosistemas de regeneración comparten algunas familias de 
plantas pioneras similares. 
 
Topic Codes: 614 (Ecology), 624 (Environmental Sciences), 625 (Geology) 
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Introduction 
 Landslides are an inevitable hazard within moist, mountainous terrain. As human 
populations continue to expand into these regions, and as climate change contributes to the 
increase in landslide frequency (Walker & Shiels, 2013), it is vital to understand the ecology of 
landslides. This study aims to compare and contrast the vegetation growing on four landslides of 
different ages to each other as well as to a habitat within unharmed forest. The overall objective 
of this study is to understand the role of succession within the sites and to interpret how the 
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ecosystem adapts and reacts to this disturbance. By understanding the process of succession 
within high altitude Neotropical mountain environments, we can predict how the ecosystem will 
react to future occurrences. 
 
Landslide Ecology: 
  Landslides are roughly defined as a sudden mass movement of rock, debris, or earth 
down a slope. Landslides are not only a disturbance event influenced by gravity to cause a slope 
to destabilize, but they are also a habitat that is generated from the moved substrate (Walker & 
Shiels, 2013). The surfaces of landslides are not uniform, varying in the removal of plant and soil 
material, slope stability, and soil richness. Landslides are triggered by rainfall, earthquakes, 
volcanic eruptions, and human activities that change the driving and resisting forces on the slope 
(Clague & Stead, 2012). The distribution of landslides is influenced by rock types, soil 
characteristics, topography, climate, vegetation, and by existing triggers. Landslides are most 
common in the tropics, areas that are susceptible to earthquakes, and regions that have intense 
rainfall events. In addition, topographical features such as steep slopes, valley headwalls, 
previous landslide scarps, and undercut cliffs on river channels impact the location of landslides 
(Walker & Shiels, 2013).  
 Landslides are not only geological processes but they are also ecological processes that 
form terrain and ecosystems. Within landscapes, landslides create geographical heterogeneity, as 
well as being heterogeneous within the landslide itself (Velázquez &Gómez-Sal 2008). The 
largest difference in the landscape is found between the landslide habitat and the neighboring, 
unaltered habitat, where the landslide habitat contains more exposure to sunlight, has bare soil, 
and has less vegetation compared to the unaffected land (Walker & Shiels, 2013). In addition, 
there can also be contrasts of ecosystems both among and within landslides. For example, in the 
upper, erosional zones of a landslide, soil and vegetation are often completely removed, resulting 
in the exposure of bed rock, and in the depositional zone, the soils and vegetation often remain. 
Additionally, within the zone of deposition, there is a diverse mixture of plant parts, seeds, soils, 
and broken rocks from the erosional zone. As a result, the depositional zone will often undergo a 
faster natural recovery compared to the erosional zone, and plant communities that regrow within 
the depositional zone are likely to be similar to species in the neighboring, unharmed forests 
(Velázquez & Gómez-Sal, 2007).    
Habitats within landslides change through ecological succession. Ecological succession is 
most plainly defined as a change in species over time (Walker and & Del Moral, 2003). There 
are two types of ecological succession: primary and secondary. Primary succession occurs in an 
area where a disturbance has cleared all or nearly all of the biological legacy within the site. 
Secondary succession occurs in lesser disturbed areas that still contain some of their original 
nutrients (Thompson, 2016). Landslides are considered to be an example of primary succession 
because the initial disturbance usually removes most of the original soil content and habitat; 
however, landslides can often retain remnants of the original soil. Therefore, depending on the 
landslide, succession can be defined as primary or secondary on landslide surfaces (Walker and 
& Del Moral, 2003). Within succession on landslide environments, there are a number of 
complex factors that incorporate both abiotic and biotic features (Walker & Shiels, 2013). 
Abiotic features determine the state in which the successional reaction proceeds. Soil stability 
and fertility, slope stability, nitrogen levels in the soil, post-landslide erosion, and microclimates 
greatly influence the path of succession. The biotic reaction to disturbance conditions is the 
sequential renewal of plant and animal communities. Biotic features will also affect the trajectory 
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of succession, influenced by species composition and relative abundances as well as growth rates 
and root densities.  
The process of succession begins with the dispersal and colonization of plant 
communities. Once niches are established, factors of species interactions begin to play a role in 
succession. These factors include facilitation (when one species facilitates the dispersal, 
colonization, and eventual survival of other plant species by making the environment more 
tolerable), competition (the act of one species displacing another in the area or preventing 
another species from growing in the site), and invasions by non-native organisms (non-native 
species are often dispersed by the wind and reproduce rapidly). The influx of non-native species 
can create novel communities, which alter the structure of ecosystems and change the trajectory 
of succession (Hobbs, Higgs, & Harris, 2009). Within the process of succession, there are three 
general stages. The first stage of succession begins with the arrival of pioneer species, such as 
lichens, mosses, grasses and other perennials. Intermediate species, including shrubs and shade 
intolerant trees follow. The third stage consists of climax communities, containing species such 
as shade tolerant trees. Climax communities demonstrate that the land has reached a steady state 
(Thompson, 2016). 
 
Study Location:  
 This study took place in the Cerro Candelaria Reserve (Figure 1), located in the Rio 
Pastaza watershed and bordering the Sangay National Park. The Cerro Candelaria Reserve is the 
largest reserve (2700 hectares) owned by the EcoMinga Foundation, and has an elevation range 
of 1700 to 3860 meters. The EcoMinga foundation began in 2006, and, from the help of the 
World Land Trust and its donors, it now has eight reserves, seven in the Rio Pastaza watershed 
and one in northwestern Ecuador (Jost, n.d.). The foundation works to protect the unique and 
diverse flora and fauna as well as include conservation practices, sustainable development, 
scientific research, and community involvement within the reserves.  
 
 
Figure 1: Map of the Cerro Candelaria Reserve and annual precipitation in Ecuador (Cerro Candelaria 
Reserve, n.d.)    
 With its large elevation range, the Cerro Candelaria Reserve has an array of habitats from 
cloud forest to páramo. According to the Almanaque Electronico Ecuatoriano climate data 
source (Figure 1), the Cerro Candelaria Reserve receives about 1501-2000 millimeters of rain a 
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year. In addition, the montane terrain and varying elevation generates steep slopes within the 
reserve. The combination of steep slopes and high precipitation levels creates an ideal 
environment for landslides. According to the local reserve caretaker, Jesus Recalde, at least one 
landslide a year occurs within the general area of the reserve (personal communication, 
November 12, 2017).   
 
Site Descriptions:  
 Four landslides of different ages were studied as well as an area in the unharmed forest 
(Figure 2). Three landslides (Landslides, 1 2, and 3) were located in the Cerro Candelaria 
Reserve and one (Landslide 4) was located across the Chinchín River from the reserve. 
  
 
Figure 2: Map of the four landslides and one unharmed forest site. The red polygon outlines the 
boarder of the Cerro Candelaria Reserve 
Landslide 1 (1° 26' 28.644'' S, 78° 18' 58.428'' W) occurred approximately one year ago 
(Figure 3 a). It is located at an elevation of 1879 meters and has a 67º slope. Landslide 2 (1° 25' 
48.396'' S, 78° 18' 42.768'' W) is approximately three to four years old, and it has an elevation of 
1890 meters with a 60º slope (Figure 3 b). Landslide 3 (1° 25' 50.952'' S, 78° 18' 44.496'' W) 
occurred about 10 years ago (Figure 3 c). With a slope of 56º, it is located at 1896 meters in 
elevation. The final studied landslide, Landslide 4 (1° 25' 6.636'' S, 78° 18' 43.56'' W), is 
approximately 30 years old. It has an elevation of 1831 meters and a 72º slope (Figure d, e). The 
unharmed forest site (1° 25' 52.788'' S, 78° 18' 49.86'' W) was located at 1879 meters in elevation 
and had a 54º slope (Figure f). According to Jesus Recalde, the four landslides were most likely 
triggered by heavy rainfall events (personal communication, November 12, 2017). However, the 
presence of agriculture and deforestation within this area could also influence landslide 
occurrences. In addition, on Landslides 1, 2, and 4 the original soil and plant material was largely 
removed during these events. In comparison, the incident on Landslide 3 only partially removed 
soil and plant material, leaving some original soil within the zone of deposition. Furthermore, 
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recurring small slides also occur on Landslides 2 and 4 about once a year. Visual evidence of the 
small slides can be seen on Landslide 2, where the Candelaria trail has had to be remade at 
higher levels on the slope because the small slides have covered the original trail (Jesus Recalde, 
personal communication, November 12, 2017).   
 
   
(a)                                                                                 (b) 
   
(c)                                                                         (d) 
   
(e)                                                                           (f) 
Figure 3: Images of landsides and unharmed forest: Landslide 1 (a), Landslide 2 (b), Landslide 
(c), Landslide 4 (d,e), unharmed forest (f). Image (e) is taken of Landslide 4 from the opposite 






 Local reserve guides described the ages and the events of the four landslides. For each 
site, GPS coordinates, slope angle, site descriptions, and pictures were taken. GPS coordinates 
were found using Garmin GPSMAP 64, and slope angles were found using Google Earth. 
Additionally, plant plots and soil profiles were made in order to observe and compare the 
succession process and ecosystem of each site. Plots and profiles were made at similar elevations 
for the five sites, ranging from 1831 meters to 1896 meters in altitude. Fieldwork on the four 
landslides and unharmed forest was conducted from November 13 to November 21, 2017.  
 
Plant Plots:  
 At each landslide and normal forest site, 5x5 meter plots were made in order to observe 
the vegetation on the sites. Within the plots, vascular plants, such as angiosperms and 
pteridophytes were described and individuals were counted. The presence of bryophytes was 
noted but they were not included in the observations or counts. In addition to describing and 
counting the plants, pictures were taken of each plant species. Out of the field, plants were 
identified to family and genus or species if possible using identification books, online resources, 
and consulting with a local expert, Javier Robayo. If a plant could not be identified (See 
Appendix), due to a lack of a flower or other reasons, it was named a morphospecies. In addition, 
Pteridophytes were simply identified as ferns (see Appendix).   
 
Soil Profiles:  
 For each study site, a one meter deep and approximately 50 centimeter wide soil profile 
was dug using a trowel, hoe, or machete. Once dug, preliminary descriptions and observations of 
soil texture, color, and structure were made, and soil horizons were noted. In addition, pictures 
were taken of the entire soil profile (See Appendix) as well as close-up images of the soil 
horizons. Small soil samples were also taken from each determined horizon and placed in a 
plastic bag. After observations were made, the holes were buried. In addition, once all soil 
characteristics were determined, each soil profile was illustrated using Sketchup Layout 2017.  
 Soil Texture:  
 Soil texture was determined in the field using the USDA Soil Texturing Field Flow 
Chart. This chart uses the “ribboning” of soil in order to determine the texture. Depending on the 
length of the ribbon, which is made by pinching a ball of soil in between the thumb and 
forefinger, as well as how gritty or smooth the soil is determines the category of texture. There 
are 11 different characterizations of texture ranging from sand to loam to clay.  
 Soil Color:  
 Out of the field, soil color was verified using the Munsell Color Chart. The Munsell 
Color Chart uses hue, value, and chroma to distinguish soil color (Munsell Color, 2017). Hue 
represents the color palette category and it is written in letter codes (R for red, YR for yellow-
red, etc.). Value determines how light or dark the color is. It runs vertically on the chart (lighter 
colors are at the top and darker are colors are at the bottom) and it is written in number codes (2 
represents a darker color and 6 represents a lighter color). Chroma characterizes how weak or 
strong the color is. Chroma runs horizontally on the chart (weak colors are on the left and strong 
colors are on the right) and it is also written in a number code (2 represents a weaker color and 6 
represents a stronger color). Using the three characteristics of hue, value, and chroma, a 
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corresponding color name is assigned to the soil. From the collected soil samples, a pinch of soil 
was taken from the bags, rolled into a ball, and then placed next to similar colors within the 
chart. Once the soil was matched to the color on the chart, the color was recorded.     
 Soil Structure:  
 Soil structure was determined out of the field using the collected soil samples. Soil 
structure is the arrangement and shape of soil particles. There are three different sub-
categorizations of soil: type, class, and grade (Soil Structure, 2015).  Structure type represents 
the shape or form of the aggregates (granular, blocky, subangular blocky, platy, prismatic, 
columnar, and spheroidal). Structure class describes the size of the peds (very fine, fine, medium, 
coarse, and very coarse). Structure grade characterizes the stability and the distinction of 
individual aggregates (structureless, weak structure, moderate structure, and strong structure).  
 
Statistical Analysis:  
 In order to measure diversity within the plant plots of all 5 sites, species richness (number 
of observed species), sample coverage (percent of individuals in a complete sample that belong 
to sampled species), and the Chao estimator (minimum number of species expected in a 
complete sample) were calculated. The equations used for sample coverage and the Chao 
estimator are given below (Chao & Jost, 2012):  
 Sample Coverage: 1 - (f1/n)  
  f1 = number of singletons  
n = number of individuals sampled 
Chao Estimator: S + (f1)2/ (2f2) 
 S = number of species in sample 
f1 = number of singletons 
f2 = number of doubletons 
A species accumulation curve was made using iNEXT (iNterpolation and EXTrapolation) 
(Chao, 2016). In addition, in order to compare similarity between plants between the sites, the 
Jaccard Index was used. The Jaccard index uses a percentage range (from 0% to 100%) to 
measure similarity, where the higher the percent the more similar two populations will be 
(Jaccard Index, 2017). The formula used to calculate the Jaccard Index is indicated below:  




 Diversity measures (Table 1) demonstrate that the unharmed forest had the highest 
species richness (28 species) and Landslide 4 had the lowest (15 species). Using the Chao 
Estimator, which demonstrates an estimated complete sample, the greatest difference between 
the estimated expected species and the actual sampled species is in the unharmed forest, where 
the sampled amount was 28 species and the expected amount is 30.23 species. Considering 
observed individuals, Landslide 2 had the highest number of individuals (351 individuals) 
whereas the unharmed forest had the lowest number of individuals (159). In addition, the 
landslides had very low numbers of singletons (species only appearing once). In contrast, the 
unharmed forest had 7 singletons. For all four landslide plots and the unharmed forest plot, the 












Landslide 1 18 184 1 2 0.9946 18.25 
Landslide 2 23 351 1 5 0.9972 23.10 
Landslide 3 17 231 2 3 0.9913 17.67 
Landslide 4 15 286 1 2 0.9965 15.25 
Unharmed  28 159 7 11 0.9560 30.23 
Table 1: Summary of diversity results, including species richness, sample coverage, and the 
Chao estimator  
 
 The Jaccard Index was used to compare similarity between plant families (Table 2) and 
plant genera (Table 3) in each site. Comparing the plant families, overall similarity was generally 
fairly low, with the highest similarity being 20% between the unharmed forest and Landslide 3, 
and the lowest at 4.65% between the unharmed forest and Landslide 4.   
 
 Jaccard Index: Plant Families  
Site  Unharmed  Landslide 1 Landslide 2 Landslide 3 
Landslide 1 6.52% - - - 
Landslide 2 9.80% 9.76% - - 
Landslide 3 20% 14.29% 17.50% - 
Landslide 4 4.65% 6.06% 10.53% 9.38% 
Table 2: Summary of Jaccard Index comparing similarity in plant families  
 
 Comparing plant genera, the similarity measures were very low. Similar to the plant 
family Jaccard Index data, the unharmed forest and Landslide 3 shared the highest similarity at 
8.89%. Differing, Landslide 4 did not share any similar genera to the other plots.   
 
Jaccard Index: Genera 
Site  Unharmed  Landslide 1 Landslide 2 Landslide 3 
Landslide 1 2.17% - - - 
Landslide 2 1.96% 4.88% - - 
Landslide 3 8.89% 2.86% 2.50% - 
Landslide 4 0% 0% 0% 0% 
Table 3: Summary of Jaccard Index comparing similarity in plant genera 
 
Landslide 1:  
 Plant Plots:  
 The species accumulation curve (Figure 4) plots the number of found species to the 
number of sampled individuals. The initial slope of the curve demonstrates the abundance 
diversity measure, whereas the ending slope demonstrates sample completeness. Since the curve 





Figure 4: Species accumulation curve of Landslide 1. The shaded area represents the 0.95 
confidence interval 
Most of the plants on Landslide 1 were small, herbaceous plants. No shrubs or trees were 
present. For Landslide 1, 15 out of the 18 species were identified (Figure 5). Out of the 15 
identified species, Asteraceae was the most dominate family within Landslide 1, representing 
five species. The next highest present family was Solanaceae, representing 2 species. The first 




Figure 5: Plant identification and number of individuals on Landslide 1. Blue represents plant 
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In its one meter soil profile, Landslide 1 had four horizons (Figure 6). The surface of the 
soil mainly consisted of small gravel rocks with few plants. The first horizon was 10 centimeters 
thick, dark yellowish brown in color, had a silty clay loam texture, and a moderate fine granular 
structure. The second horizon was 12 centimeters thick. It has a color of dark gray, a texture of 
clay loam, and a structure of moderate fine granular. Within the second horizon, small roots were 
present as well as a decaying stick and a large cobble. The third horizon was 22 centimeters thick 
with a brown color, a silty clay loam texture, and a moderate fine granular structure. Large rocks 
and a decaying stick were also found in this horizon. The fourth and final horizon was 56 
centimeters thick. It was a dark yellowish brown color, had the same texture and structure as 
both the third and first horizons. Similarly, debris of sticks and cobbles were also found 
throughout the horizon, with one large rock at the bottom of the horizon.  
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 Plant Plots:  
 The species accumulation curve for Landslide 2 (Figure 7) plots sampled species to 
individuals. Looking at the terminal slope, this curve demonstrates that after about 23 sampled 
species, it is unlikely that more species will be found.  
 
Figure 7: Species accumulation curve of Landslide 2. The shaded area represents the 0.95 
confidence interval 
On Landslide 2, mostly herbaceous plants were present, having several shrubs as well. 
From the 23 sampled species, 20 were identified (Figure 8). Cyperaceae was the most dominate 
family within this plot, representing 4 species. Following were Araceae (which had three 
different genera) and ferns, both describing 3 species. Fern 2 contained the most individuals 
(148) followed by fern 3 (36).  
 
Figure 8: Plant identification and number of individuals on Landslide 2. Blue represents plant 
families that were only found once and different colors represent that multiple plants are in the 
same family.  
148
























The one meter soil profile of Landslide 2 had three horizons (Figure 9). On the surface of 
the horizon, gravel and cobbles were present as well as moss and vegetation. The first horizon 
was 53 centimeters thick. It had a brown color, sandy loam texture, and a weak coarse 
subangular blocky structure. Toward the top of the horizon, there was a concentration of large 
cobbles and gravel. Within the first three centimeters, small roots were present. At 68 
centimeters and at 53 centimeters cobbles were present. These cobbles were made up of the same 
material as in Landslide 1, containing quartz and mica minerals. The second horizon was 20 
centimeters thick with a dark yellowish brown color, sandy clay loam texture, and weak medium 
subangular blocky structure. Two large cobbles were located at 37 centimeters, and there was 
gravel found throughout the horizon. The third horizon was 27 centimeters thick, and toward the 
bottom it became saturated with water. It had a color of dark grayish brown, a texture of sandy 
clay loam, and weak medium subangular blocky structure. There was a cobble located at 25 
centimeters and a large rock covering the base of the profile. Gravel was also present throughout 
the horizon. As stated within the individual horizons, gravel and cobbles were present throughout 
the entire horizon. These rocks were largest at the bottom of the profile, and decreased in size as 
they neared the surface.  
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 Landslide 2 Soil Profile
 
Nace 14 
Landslide 3:  
 Plant Plots:  
 For Landslide 3, the species accumulation curve (Figure 10) plots found species to 
individuals. Shown by the terminal slope, after about 17 species it is likely that no more new 
species will be sampled.  
 
Figure 10: Species accumulation curve of Landslide 3. The shaded area represents the 0.95 
confidence interval 
On Landslide3, there were herbaceous plants, shrubs, and trees. Landslide 3 contained 17 
species, 16 of which were identified (Figure 11). The most represented family were ferns, having 
three species. Following Asteraceae and Urticaceae were the most common found families, each 
representing two species. Selaginellaceae, Selaginella had the most individuals (83) followed by 
Species 7 (52).  
 
Figure 11: Plant identification and number of individuals on Landslide 3. Blue represents plant 
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Soil Profile:  
 Landslide 3 contains 5 soil horizons (Figure 12). At the surface of the horizon, leaf litter 
as well as growing vegetation was present. The first horizon was eight centimeters thick. It was 
dark brown in color, had a clay loam texture, and a strong fine granular structure. Many small 
roots were concentrated within the horizon. The second horizon was 12 centimeters thick, and 
some small roots extended into the horizon. It had a color of yellowish brown, a texture of loam, 
and a moderate fine granular structure. Following, the third horizon was 18 centimeters thick, 
with a dark brown color, clay loam texture, and a moderate fine granular structure. The fourth 
horizon was 16 centimeters thick. It was a brown color with the same texture and structure as the 
third horizon. The fifth and final horizon was 46 centimeters thick. It had a yellowish brown 
color, a silty clay loam texture, and a moderate fine granular structure.    
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Landslide 3 Soil Profile
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Landslide 4:  
 Plant Plots:  
 Sampled species to found individuals were plotted to make the species accumulation 
curve for Landslide 4 (Figure 13). It is possible that after sampling about 15 species, no more 
new species will be found. This is shown by the terminal slope.   
 
Figure 13: Species accumulation curve of Landslide 4. The shaded area represents the 0.95 
confidence interval 
 Within Landslide 4, mostly herbaceous plants and a few shrubs are present. Out of the 15 
observed species, 14 were identified (Figure 14). Ferns, Orchidaceae, Ericaceae, Poaceae, and 
Asteraceae are the most represented families, each describing two species. Rubiaceae, Cinchona 
contained the most individuals (83), followed by Poaceae (53, 42).  
 
Figure 14: Plant identification and number of individuals on Landslide 4. Blue represents plant 



























Landslide	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Soil Profile:  
 Landslide 4 had three soil horizons (Figure 15). At the surface of the profiles, small 
rocks, moss, and growing vegetation was present. The first horizon was three centimeters thick 
with few small roots present. It had a yellowish brown color, sandy clay loam texture, and weak 
fine granular structure. The second horizon was 44 centimeters thick with a brownish yellow 
color, sandy clay loam texture, and weak coarse subangular blocky texture. Toward the top of the 
horizon, a concentration of small cobbles was present, and from 70 to 50 centimeters, two large 
rocks existed. In addition, coarse gravel was located throughout the horizon. The third horizon 
was 53 centimeters thick. It was the same brownish yellow color as the above horizon, however, 
it had a silty clay loam texture and a weak medium granular structure. Located at the bottom of 
the horizon was a very large rock. Similar to the second horizon, gravel was present within the 
third horizon, however, the gravel was not as coarse as in the above region.   
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Landslide 4 Soil Profile
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Unharmed Forest:  
 Plant Plots: 
 The species accumulation curve (Figure 16) for the unharmed forest plots species 
sampled to individuals. Compared to the Landslide accumulation curves, the terminal slope does 
not flatten out as quickly. Nonetheless, it demonstrates that at about 30 species, it is likely that 
the next sampled species will not be new.  
 
Figure 16: Species accumulation curve of the unharmed forest. The shaded area represents the 
0.95 confidence interval 
 Within the unharmed forest, trees, shrubs, and herbaceous plants were present. From the 
28 sampled species, 25 species were identified (Figure 17). The most dominate species were 
ferns, representing four species, followed by Rubiaceae, having three species. Selaginellaceae, 
Selaginella contained the most individuals (76) followed by Rubiaceae (13).  
 
 
Figure 17: Plant identification and number of individuals in the unharmed forest. Blue 
represents plant families that were only found once and different colors represent that multiple 
plants are in the same family. 
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 Soil Profile:  
The unharmed forest soil profile had four horizons (Figure 18). There was a small 5 
centimeter organic layer with small roots and leaf litter. The first horizon was 15 centimeters 
thick with a black color, clay loam texture, and moderate granular texture. There was a large root 
that bridged between the first and second horizon. The second horizon was 28 centimeters thick. 
It had a dark brown color, silty clay loam texture, and moderate fine granular structure. 
Following, the third horizon was 22 centimeters thick with a dark reddish brown color, a texture 
of silty clay loam, and a moderate fine granular structure. At 50 centimeters, a cobble was 
present. The fourth and final horizon was 30 centimeters thick, and it contained two large roots 
(approximately 2 centimeters in diameter) at 27 and 24 centimeters. The soil was a very dusky 
red color with a loam texture and a moderate fine granular structure.  
 
 










Organic layer, with small roots 
and leaf litter
Black, clay loam, moderate 
fine granular
Dark brown, silty clay loam, 
moderate fine granular
Dark reddish brown, silty clay 
loam, moderate fine granular











The four studied landslides demonstrate that succession is not a simple linear 
progression, where with more age comes a more developed ecosystem. In reality, a number of 
factors determine the process of succession on a landslide, including the event of the landslide, 
the location of the landslide, neighboring ecosystems, and importantly the soil that has developed 
post-landslide. Within the four landslides, the soil determines the habitat. This is most telling 
when looking at Landslide 4. Landslide 4 was the oldest studied landslide at 30 years old; 
however, it has the poorest soil out of the studied landslides (Figure 15). Its horizons, which are 
light colors of brownish yellows demonstrate low organic levels, and therefore low nutrient 
levels. The presence of gravel and large rocks also indicate it is poor soil. Rocks and gravel 
reduce the water and nutrient holding capacity within the soil, making it unsuitable for plant 
growth (Crouse, 2017). In comparison, Landslide 2 (Figure 9) had a similar soil composition to 
Landslide 4, containing coarse textured material and large amounts of gravel and rocks. It’s 
coloring, however, consisted of shades of yellowish brown, brown, to grayish brown. This darker 
coloring could indicate that there is more organic material within the soil, making it more 
nutrient rich, compared to Landslide 4. Considering the vegetation on the two landslides, 
according to the Jaccard Index, they had a 10.53% similarity (Table 2). Their shared families 
include ferns, Asteraceae, Poaceae, and Rubiaceae (Figures 8 & 14), all of which are common 
colonizers of landslides (Walker & Shiels, 2013). In addition, Landslide 2 has a higher species 
richness compared to Landslide 4, having 23 species versus 15 species. This difference in species 
richness could be attributed to the different soil types. Nonetheless, the Orchidaceae family was 
only found on Landslide 4, which further confirms that Landslide 4 has older soil. On Landslide 
2 Croton (Euphorbiaceae) and on Landslide 4 Weimannia (Cunnoniaceae) were found. Both of 
these genera were small shrubs on their respective landslides, however, they are likely to 
eventually grow into trees. In addition, on Landslide 2, Arundo (Poaceae) was found. This genus 
is found in many agricultural areas near the reserve, demonstrating that it may be an invasive 
rather than a common pioneer plant.  
Similar to Landslide 2 and 4, Landslide 1 contained rocks and debris within its soil 
(Figure 6). It was also shades of dark yellowish brown to brown and also dark grey. Within the 
first horizon, there are no roots present, however, the second horizon contained some small roots. 
This first horizon could be deposited soil from the above eroded zone because the fourth horizon 
contains the exact same characteristics as the first horizon. It is then possible that the darker, 
second horizon was the original topsoil layer prior to the landslide event. Although its soil is 
somewhat similar to the soil of Landslide 2 and 4, Landslide 1 only has a similarity of 9.76% to 
Landslide 2 and a 6.06% similarity to Landslide 4. According to the Jaccard Index, it is more 
similar to Landslide 3, being 14.29% similar (Table 2). Additionally, it has a species richness of 
18, which is less than Landslide 2 but more than Landslide 4 (Table 1). This could also be due to 
difference in developing soil. Since Landslide 2 is older than Landslide 1, there has been more 
time to develop the soil and the habitat. Even though Landslide 4 is many years older, the very 
poor soil at the site could be the major factor of a smaller species richness. Confirming that plant 
succession is dependent on soil quality, in a study on early succession in a neotropical dry forest 
in Nicaragua, Velázquez & Gómez-Sal found that early succession paths were highly dependent 
on abiotic features related to soil fertility (2008). 
Within Landslide 1, Asteraceae is the most dominate plant family (Table 4). Being 
dispersed by wind, Asteraceae is well adapted to being a pioneer plant on landslides (Myster & 
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Sarmiento, 1998). One species in particular within the Asteraceae family, Galinsoga parviflora is 
known as a common roadside weed, and its shade intolerance and short life cycle make it a 
common pioneer plant. However, it is also considered to be an invasive plant to agricultural and 
disturbed areas (Rojas-Sandoval& Acevedo-Rodríguez, 2014). In addition, Xanthosoma, a genus 
of Araceae is found within Landslide 1. Araceae is not considered to be a common colonizer of 
landslides, and, therefore, it is likely that it came to the site from the neighboring unharmed 
forests. 
In contrast, Landslide 3 has well developed soil (Figure 12). There are no rocks or debris 
present in the soil, and the colors range from dark brown, brown, to yellowish brown. The first 
horizon is an established topsoil layer containing a high concentration of roots and leaf litter 
above. However, the second horizon is a yellowish-brown, and its loam texture demonstrates it is 
slightly grittier than the other horizons. Below, the third horizon is the same color, texture, and 
structure as the first horizon. It is possible, therefore, that the second horizon represents the 
eroded layer from the landslide event. Below it could be the original topsoil, and above it is now 
the newly developed A horizon. Even though it only has a species richness of 17, it contains 
many similar plant families to the three other landslides. According to the Jaccard Index, 
Landslide 2 is most similar to Landslide 3 at 17.5% followed by Landslide 1 (14.29%) and 
Landslide 4 (9.38%). In fact, Landslide 3 is actually most similar to the unharmed forest, having 
20% similarity (Table 2). In contrast, Landslide 4 could be the most dissimilar to the other 
landslides and unharmed forest because it is located on the opposite side of the Río Chinchín, 
giving it different adjacent environments than the landslides within the reserve.  
All of the sampled families within Landslide 3 are represented in either the other 
landslides or the unharmed forest, excluding one unidentified species (Figure 11, See Appendix). 
By having this representation, this could demonstrate that Landslide 3 is in a more developed 
stage of succession, containing both a habitat similar to the unharmed forest and the 
redeveloping landslides. Nonetheless, it is important to note that the soil on Landslide 3 was not 
fully removed during the event of the landslide (Jesus Recalde, personal communication, 
November 12, 2017), therefore making it easier to redevelop its soils and further reestablish its 
forest. An important succession genus represented in Landslide 3 is Cecropia. Cecropia’s fast 
growth and reproduction rates, small seeds, and shade intolerance makes it well adapted to grow 
in disturbed areas (Brokaw, 1998). Other trees growing on this landslide include Sapium 
(Euphorbiaceae), Bohemeria (Urticaceae), Begonia parviflora (Begoniceae) and 
Melastomataceae. The trees growing on the landslide, however, had slim trunks, indicating that 
they are still fairly young. In addition, some of these families had multiple individuals, such as 
Melastomataceae and Begonia parviflora, with some individuals as developed trees, while others 
were very young shrubs.    
The unharmed forest within Cerro Candelaria has healthy soil, with shades of browns to 
reds and silty clay loam textures (Figure 18). The reds in the soil demonstrates the presence of 
oxidized soil, which indicates that there is higher oxygen content and good drainage within the 
soil (Crouse, 2017). Large roots were also found at various levels within the soil, verifying the 
presence of well-established trees within the forest. Within the plot, herbaceous vegetation, 
shrubs, and full grown trees were found, showing that it is an established forest. It had a species 
richness of 28, however, the Chao estimator indicates that there is a possibility of at least 30.23 
species (Table 1). Clearly, the unharmed forest contained the highest species richness due to the 
fact that it has not been disturbed. Differing, however, it has the fewest individuals out of all the 
sampled plots. This could be because there were a greater number of singletons and doubletons 
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within the unharmed forest compared to the landslides. Having a larger number of singletons 
also demonstrates that the sample is not fully complete, further indicating that there is more 
diversity within the unharmed forest than the landslides. In contrast, the landslides had fewer 
overall species but they would have a fairly large number of individuals within the present 
species. Additionally, out of the 28 found species, 19 different families were represented. As 
previously stated, Landslide 3 was most similar to the unharmed forest with 20% similarity in 
families (Table 2) and 8.89% similarity in genera (Table 3).   
It is difficult to use four individual landslides to create a complete, linear picture of the 
succession process within the cloud forest of the Cerro Candelaria reserve because each landslide 
has its own unique trajectory within succession. Nonetheless, the four landslides provide a 
snapshot of possible succession progression within the area. Asteraceae was present within all 
four landslides and it was not found in the unharmed forest plot. This indicates that Asteraceae is 
a true pioneer plant to the area, and when a forest has reached its climax community, it is likely 
that this family will not be present. Ferns were also found within all four landslide sites; 
however, they were also found in the unharmed forest, indicating that they are both a successful 
pioneer plant but also thrive in undisturbed areas. In a study on seed inputs and plant cover on 
two Ecuadorian landslides, Myster & Sarmiento found that Asteraceae was the dominate plant 
family represented (1998). They also found ferns, Melastomataceae and Poaceae to be common 
families.   
For a general sequence of succession for the area, Asteraceae dominates the vegetation on 
landslides within the first year post-landslide. Following, 3-4 years after the landslide, families 
such as Poaceae, Cyperaceae, and ferns will potentially be the principal families. Eventually, at 
least 10 years after the landslide, tree species such as Euphorbiaceae, Urticaceae, 
Melastomataceae, and Begoniceae could cover the area, containing an understory with ferns, 
Selaginella (Selaginellaceae), and Asteraceae. Nonetheless, as previously stated, this sequence is 
highly dependent on soil quality, as the oldest landslide, Landslide 4 contains a similar habitat as 
Landslide 2, which is only three to four years old. In addition, Landslide 3 may not be the best 
representation of the succession process after 10 years because its material was not completely 
removed, allowing it to regenerate at a faster rate compared to habitats that have been fully 
disturbed by a landslide. Therefore, it could take more than just ten years to reach a more 
developed stage, as shown by Landslide 4.   
 
Conclusion 
 As more people begin to move into montane environments and as landscapes are 
threatened by deforestation and agriculture, it is vital to understand how ecosystems regenerate 
after disturbances, such as landslides. Within the Cerro Candelaria Reserve, frequent landslides 
occur as a result of steep slopes and heavy rain falls. This study aimed to understand ecological 
successional patterns by comparing four different aged landslides within the Cerro Candelaria 
Reserve. This project examined four landslides of varied ages in order to understand the process 
of succession within this environment. It was discovered that succession patterns are highly 
dependent on soil quality, and that Asteraceae is the most dominate pioneer plant family within 
the area. In addition, landslides regenerate their ecosystems in different patterns, depending on 
the initial landslide occurrence, present substrate, and adjacent habitats. Future studies in the area 
should consider following recently disturbed landslides over a period of time in order to better 
understand succession while considering that each landslide environment is unique. In addition, 
further characterizing the landslides in terms of size as well as defining the different zones of the 
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landslides could aid our understanding of the entire landslide environment, instead of only 
looking at one elevation.  
 
Acknowledgements  
 I would like to thank the EcoMinga Foundation, and especially Jesus Recalde for guiding 
me through the reserve, providing information about the landslides, and for digging some soil 
profiles only using a machete. Thank you to Xavier Silva, Javier Robayo, and Diana Serrano for 
their help and support with the organization and logistics of this project. Specifically, a huge 
thank you to Javier Robayo for help with plant identification and for general project advise. 
Also, thank you to my advisor Lou Jost for his guidance and support throughout the project. 
Finally, I would like to offer my humble gratitude to my host family in El Placer who graciously 
welcomed me into their home and family, and especially to my host mother, Esthela Paredes for 





































Brokaw, N.V.L. (1998). Cecropia schreberiana in the Luquillo Mountains of Puerto  
Rico. The Botanical Review, 64 (2). Retrieved from 
http://www.biomedsearch.com/article/Cecropia-schreberiana-in-Luquillo-
Mountains/21044047.html   
Cerro Candelaria Reserve. (n.d). EcoMinga Foundation. Retrieved from:  
http://ecominga.com/Candelaria.htm 
Chao, A. and Jost, L. (2012). Coverage-based rarefaction and extrapolation: standardizing  
samples by completeness rather than size. Ecology 93(12): 2533-2547. 
Chao, A., Ma, K. H., and Hsieh, T. C. (2016) iNEXT (iNterpolation and EXTrapolation) Online:  
Software for Interpolation and Extrapolation of Species Diversity. Program and User’s 
Guide published at http://chao.stat.nthu.edu.tw/wordpress/software_download/. 
Clague John J., & Stead, Douglas. (2012) Landslides Types, Mechanisms and Modeling.  
Cambridge University Press. Retrieved from https://ebookcentral-proquest-
com.ezproxy.whitman.edu/lib/whitman/detail.action?docID=989101# 
Crouse, D.A. 2017. Soils and Plant Nutrients, Chpt 1. In: K.A. Moore, and. L.K. Bradley (eds).  
North Carolina Extension Gardener Handbook . NC State Extension, Raleigh, NC.  
Retrieved from https://content.ces.ncsu.edu/extension-gardener-handbook/1-soils-and- 
plant-nutrients  
Gentry, Alwyn H. (1996). Woody Plant of Northwest South America (Colombia, Ecuador, Peru).  
Chicago: The University of Chicago Press.   
Hobbs, R.J., Higgs, E., & Harris, ].A. (2009). Novel ecosystems: implications for conservation  
and restoration. Trends in Ecology and Evolution, 24(11). Retrieved from  
http://www.ces.fau.edu/climate_change/everglades-recommendations-2014/pdfs/session- 
a-resource-2.pdf 
How to Read a Munsell Color Chart (2017). Munsell Color. Retrieved from  
http://munsell.com/about-munsell-color/how-color-notation-works/how-to-read-color-
chart/ 
Jaccard Index/Similarity Coefficient. (2017). Statistics How To. Retrieved from:  
http://www.statisticshowto.com/jaccard-index/ 
Jost, Lou. (n.d). About EcoMinga. EcoMinga Foundation . Retrieved from:  
https://ecomingafoundation.wordpress.com/about/  
Myster, R.W. & Sarmiento, EO. (1998). Seed inputs to microsite patch recovery on  
two tropandean landslides in Ecuador. Restoration Ecology, 6, 35-43. doi:  
10.1046/j.1526-100x.1998.00615.x Retrieved from  
http://onlinelibrary.wiley.com.ezproxy.whitman.edu/doi/10.1046/j.1526- 
100x.1998.00615.x/full 
Rojas-Sandoval, Julissa & Acevedo-Rodríguez, Pedro. (2014). Galinsoga parviflora (gallant  
soldier). Cabi. Retrieved from https://www.cabi.org/isc/datasheet/25299# 
Soil Structure (2015). My Agriculture Information Bank. Retrieved from  
http://www.agriinfo.in/?page=topic&superid=4&topicid=267 
Thompson, John N. (2016). Ecological Succession. Encyclopedia Britannica. Retrieved from:  
https://www.britannica.com/science/ecological-succession  
Velázquez, Eduardo & Gómez-Sal, Antonio. (2007). Environmental Control of Early Succession  
on a Large Landslide in a Tropical Dry Ecosystem (Casita Volcano, Nicaragua).  
Biotropica, 39(5), 601-609. Retrieved from http://www.jstor.org/stable/30045417  
 
Nace 25 
Velázquez, Eduardo & Gómez-Sal, Antonio. (2008). Early Succession in a Neotropical Dry  
Forest. Plant Ecology,199(2), 295-308. Retrieved from http://www.jstor.org/stable/4030 
5584?seq=1&cid=pdf-reference#references_tab_contents  
Walker, Lawrence R. & Del Moral, Roger. (2003). Primary Succession and Ecosystem  
Rehabilitation. Researchgate. DOI: 10.1017/CBO9780511615078. Retrieved from  
https://www.researchgate.net/publication/216814999  
Walker, Lawrence R. & Shiels, Aaron B. (2013). Landslide Ecology. USDA National Wildlife  





Soil Profiles:  
 
   
Figure A1: Soil profile of Landslide 1 Figure A2: Soil profile of Landslide  
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Figure A3: Soil profile of Landslide 3 Figure A4: Soil profile of Landslide 4  
 








LS1       
Horizon Color Structure  Texture  
1 10YR 4/4: Dark yellowish brown granular, fine, moderate silty clay loam 
2 10YR 3/1:Very dark gray granular, fine, moderate clay loam 
3 10YR 4/3:brown granular, fine, moderate silty clay loam 
4 10YR 4/4: Dark yellowish brown granular, fine, moderate silty clay loam 
LS2       
Horizon Color Structure  Texture  
1 7.5YR 4/4: brown subangular blocky, coarse, weak sandy loam 
2 10RY 4/4: Dark yellowish brown subangular blocky, medium, weak sandy clay loam 
3 10YR 4/2: Dark grayish brown subangular blocky, medium, weak sandy clay loam 
LS3       
Horizon Color Structure  Texture  
1 10YR 3/3: Dark Brown Granular, fine, strong clay loam 
2 10YR 5/6: Yellowish Brown granular, fine, moderate loam 
3 10YR 3/3: Dark Brown granular, fine, moderate clay loam 
4 10YR 4/3: Brown granular, fine, moderate clay loam 
5 10YR 5/4: Yellowish brown granular, fine, moderate silty clay loam 
LS4       
Horizon Color Structure  Texture  
1 10YR 5/4: Yellowish brown granular, fine, weak sandy clay loam 
2 10YR 6/8: Brownish yellow subangular blocky, coarse, weak sandy clay loam 
3 10YR 6/8: Brownish yellow granular, medium,  weak silty clay loam 
UF       
Horizon Color Structure  Texture  
1 5YR 2.5/1: Black granular,  fine, moderate clay loam 
2 7.5YR 3/2: Dark brown Granular, fine, moderate silty clay loam 
3 5YR 3/2: Dark reddish brown granular,  fine, moderate silty clay loam 
4 2.5YR 2.5/2: Very dusky red granular, medium, moderate loam 














Unidentified Plants:  
 
     
Figure A6: LS 1, Plant 8, Species 1          Figure A7: LS 1, Plant 15, Species 2 
    
Figure A8: LS 1, Plant 17, Species 3     Figure A9: LS 2, Plant 14, Species 4 
    
Figure A10: LS 2, Plant 19, Species 5    Figure A11: LS 2, Plant 23, Species 6 
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Figure A12: LS 3, Plant 10, Species 7          Figure A13: LS 4, Plant 15, Species 8 
    




Figure A16: UF, Plant 19, Species 11 
 
Ferns:  
    
Figure A17: LS1, Plant 5, Fern 1        Figure A18: LS2, Plant 1, Fern 2 
    
Figure A19a: LS2, Plant 2, Fern 3          Figure A19b: LS2, Plant 2, Fern 3 (underside) 
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Figure A20: LS2, Plant 22, Fern 4   Figure A21: LS3, Plant 1, Fern 5 
    
Figure A22: LS3, Plant 2, Fern 6   Figure A23: LS3, Plant 3, Fern 7 
    
Figure A24: UF, Plant 8, Fern 8   Figure A25: UF, Plant 2, Fern 9 
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Family  Genus  
1 13 Araceae Xanthosoma 10 7 Urticaceae urena 
2 15 Asteraceae  11 14 Solanaceae  
3 5 Asteraceae Galinsoga 
(G.parviflora) 
12 3 Actinidiaceae Saurauia 
4 2 Selaginellaceae Sellaginela 13 1 Asteraceae Erato 
5 10 Fern 1   14 3 Papaveraceae  
6 7 Calceolareceae Calceolaria 15 2 Species 2  
7 15 Solanaceae  16 22 Asteraceae  
8 36 Species 1   17 17 Species 3  
9 9 Sapindaceae  18 3 Asteraceae Gnaphalium 

























Family  Genus  
1 148 Fern 2  13 9 Rubiaceae  
2 36 Fern 3  14 9 Species 4  
3 27 Melastom-
ataceae 
Monochaetum 15 2 Araceae Anthurium 
4 22 Cyperaceae  16 3 Sapindaceae Billia 
5 6 Cyperaceae Rhynchospora 17 2 Melastom-
ataceae 
 
6 3 Cyperaceae  18 2 Piperaceae Piper 
7 3 Cyperaceae Rhynchospora 19 2 Species 5  
8 2 Euphorbiaceae Croton 20 13 Gesneriaceae  
9 7 Onagraceae Ludwidgia 21 1 Araceae Philodendron 
10 16 Poaceae Arundo 22 21 Fern 4  
11 8 Araceae Xanthosoma 23 4 Species 6  
12 5 Asteraceae Erato     












Family  Genus  
1 11 Fern 5  10 52 Species 7  
2 4 Fern 6  11 2 Euphorbiaceae Sapium 
3 4 Fern 7  12 1 Urticaceae Cecropia 
4 83 Selaginellaceae Selaginella 13 1 Asteraceae Barnadesia 
(B. Spinoza) 
5 9 Begoniceae Begonia 
(B.Parviflora) 
14 4 Urticaceae Bohemeria 
6 28 Apiaceae  15 2 Araceae Philodendron 
7 6 Melastomataceae  16 3 Gesneriaceae Columnea 
8 14 Rubiaceae  17 2 Arecaceae  
9 5 Asteraceae      






















Family  Genus  
1 81 Rubiaceae Cinchona 9 2 Cunnoniaceae Weinmannia 
2 14 Orchidaceae Sobralia 10 2 Lycopodiaceae  
3 7 Fern 8  11 3 Gentianaceae  
4 5 Fern 3  12 53 Poaceae  
5 16 Ericaceae Cavendishia 
(C. Bracteata) 
13 5 Orchidaceae Epidendrum 
6 42 Poaceae  14 1 Asteraceae Baccharis 
7 37 Ericaceae  15 4 Species 8  
8 14 Asteraceae      












Family  Genus  
1 76 Selaginellaceae Selaginella 15 1 Rubiaceae  
2 7 Fern 9  16 2 Araceae Philodendron 
3 2 Meliaceae  17 1 Fabaceae Inga 
4 1 Species 9  18 2 Clusiaceae Clusia 
5 11 Apiaceae  19 1 Species 11  
6 3 Melastomataceae  20 1 Myristicaceae  
7 13 Rubiaceae  21 1 Urticaceae Bohemeria 
8 3 Fern 8  22 2 Fern 10  
9 4 Arecaceae  23 2 Fern 11  
10 3 Malvaceae  24 2 Begoniaceae Begonia 
11 2 Araceae Anthurium 25 2 Moraceae  
12 2 Cyatheaceae  26 2 Cucurbitaceae  
13 6 Rubiaceae  27 2 Zingiberaceae  
14 1 Species 10  28 4 Cyperaceae  















Unharmed Forest LS1 LS2 LS3 LS4 
Selaginellaceae Selaginellaceae Araceae Selaginellaceae Fern 3 
Araceae Araceae Araceae Araceae Fern 8 
Araceae Fern 1 Araceae Fern 5 Asteraceae 
Fern 9 Asteraceae Fern 2 Fern 6 Asteraceae 
Fern 8 Asteraceae Fern 3 Fern 7 Rubiaceae 
Fern 10 Asteraceae Fern 4 Asteraceae Poaceae 
Fern 11 Asteraceae Asteraceae Asteraceae Poaceae 
Apiaceae Asteraceae Melastomataceae Melastomataceae Orchidaceae 
Melastomataceae Urticaceae Melastomataceae Rubiaceae Orchidaceae 
Rubiaceae Sapindaceae Rubiaceae Arecaceae Ericaceae 
Rubiaceae Calceolareceae Cyperaceae Urticaceae Ericaceae 
Rubiaceae Solanaceae Cyperaceae Urticaceae Cunnoniaceae 
Arecaceae Solanaceae Cyperaceae Begoniaceae Lycopodiaceae 
Urticaceae Actinidiaceae Cyperaceae Euphorbiaceae Gentianaceae 
Begoniaceae Papaveraceae Sapindaceae Gesneriaceae Species 11 
Cyperaceae Species 1 Euphorbiaceae Apiaceae  
Meliaceae Species 2 Poaceae Species 10  
Malvaceae Species 3 Gesneriaceae   
Cyatheaceae  Onagraceae   
Fabaceae  Piperaceae   
Clusiaceae  Species 4   
Myristicaceae  Species 5   
Moraceae  Species 6   
Cucurbitaceae     
Zingiberaceae     
Species 9     
Species 10     
Species 11     
Table A2: Identified plant families. Colors represent that one family is in more than one plot 
location. Families are color coordinated.   
 
 
  
